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Abstract—In this paper, a unique software program is reported which automatically decodes the Faraday rotation signal into a 
time-dependent current representation. System parameters, such as the Faraday fiber’s Verdet constant and number of loops in 
the sensor, are the only user-interface inputs. The central aspect of the algorithm utilizes a short-time Fourier transform, which 
reveals much of the Faraday rotation measurement’s implicit information necessary for unfolding the dynamic current 
measurement. 
 
Index Terms—Faraday rotation, STFT, Mega-amps, Verdet 
INTRODUCTION 
 
The pulsed power community and power generation industry is finding increased applications utilizing Faraday effect sensors. 
The Faraday effect in single-mode fibers permits fast-responding current sensing on high-voltage, high-current transmission 
lines [1]-[4]. The underlying theory of how the Faraday effect works is best described in the quantum mechanical realm, but can 
be understood on a basic classical electrodynamics level [5]. Various Faraday current sensing configurations along with subtle 
Faraday effects, which may adversely affect the system, are described elsewhere [6]. In typical configuration, linear polarized 
light launched into a Faraday current fiber emerges with a rotating linear polarization state at an angular frequency proportional 
to dI/dt. The axis of polarization of this emerging light is usually preadjusted through a half-wave plate and then split into two 
differently oriented analyzers such as the Wollaston beam splitter, which conveniently splits the beam and orients the 
polarization orthogonal to each other. The emerging light out of each facet or analyzer is optically modulated and captured via 
typical optical-electrical photodetectors and digitizers. If the orientation of the analyzers are orthogonal, optically modulated 
signals proportional to Sin2[θ(t)+φ] and Cos2[θ(t)+φ] (or ½{1-Cos(2[θ(t)+φ])} and ½{1+Cos(2[θ(t)+φ])}, respectively) are 
produced where the angle, θ(t), is manifested from the Faraday effect within the fiber medium while the angle, φ, is some initial 
starting phase dependent on the half-wave plate and the state of polarization of the Faraday fiber itself. It may be convenient to 
orient the analyzers at 0° and 45° relative to the horizontal to yield optically modulated signals proportional to 
½{1+Cos(2[θ(t)+φ]) and ½{1±Sin(2[θ(t)+φ]). In this case, a basic post processing technique is to subtract off the DC offset in 
each signal and take the ratio of such signals to yield a Tan(2[θ(t)+φ]) like wave form which indicate increases or decreases in 
θ(t). The current, I(t), is directly proportional to the Faraday rotation angle, θ(t), through the simple closed-form equation  
 
   )()()()( tINVtINVtVLBt o ′′=′== μθ    (1) 
 
where B(t) is the time-dependent magnetic field produced from the dynamic current, I(t), along the closed path, L as defined in 
Ampere’s law for typical cylindrical symmetric systems. The parameter, N′, is the product term of the number of current paths 
(i.e., electrical windings) and the number of Faraday fiber loops in the sensing region. The Verdet constant, V, is redefined in 
more convenient units of radians/amps or radians/mega-amps. This is accomplished by multiplying the permeability of vacuum 
constant, μo, and redefining the product, μoV, as the new Verdet constant, V′, used throughout the rest of this paper.  
 
For some experiments, simply counting each full apparent Faraday rotation up to an identifiable turnaround point (i.e., in the 
current representation, the point in which the current is either a maximum or minimum) within the recorded Faraday rotation 
signal is sufficient in determining the peak current within some allowable fringe uncertainty. For many other experiments, a 
higher demand for unfolding the entire dynamic current profile is required. In such cases, investigators often rely extensively on 
user interaction on the Faraday rotation data by visually studying the data for crucial cues and identifiers, which will eventually 
represent the X-Y data points of the current measurement. After the often tedious process, a piece-wise, ΔI/Δt, representation of 
the current may be revealed with the proviso of having a known reliable Verdet constant of the Faraday fiber or medium. 
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This work reports a unique method for uncovering the current measurement by utilizing a short-time Fourier transform (STFT), 
which basically is a Fourier transform over a windowed section of a signal to reveal frequency content as it changes over time. 
STFT details are discussed elsewhere [7]. However in this particular application, the STFT is used to uncover details necessary 
for transforming a single Faraday rotation signal into a current measurement representation and by using only a fraction of the 
optical components. The emerging rotating linear polarized light is not split and analyzed directly, thus bypassing the half-wave 
plates, beam splitters, polarizers, and possibly other associated and complementary optical components. Needless to say, this 
translates to tremendous cost savings (more than several thousands of dollars), especially during explosive-driven pulsed power 
applications in which most equipment is likely to be expended. 
 
DETAILED DESCRIPTION  
 
Traditional method basics 
 
Before detailing the novel method of deciphering a Faraday signal into a useful current representation, a review of unfolding 
current from a Faraday signal via traditional methods may be useful.  As an example, a simulated current shown in Fig. 1 
produces a pair of Faraday signals which are optically decoded modulated signals proportional to ½{1±Sin(2[θ(t)+φ])} and 
½{1+Cos(2[θ(t)+φ])} for analyzers at 45° and 0° relative to the horizontal, respectively. These signals are shown separately for 
clarity in Fig. 2 and 3, respectively, as signal A and B elsewhere throughout this paper. The angle, φ, is some initial starting 
phase dependent on the half-wave plate and the state of polarization of the Faraday fiber itself. For clarity, Fig. 4 shows a close-
up of the two superimposed Faraday signals in a particular region of interest. Fig. 5 indicates an example of a ratio of such 
signals with the prerequisite DC offset subtracted out to yield a Tan(2[θ(t)+φ]) like signature wave form, which also indicates 
increases or decreases in θ(t).   
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Fig. 1. Computer simulated current. 
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Fig. 2. Simulated Faraday decoded signal proportional to ½{1±Sin(2[θ(t)+φ])}. 
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Fig. 3. Simulated Faraday decoded signal proportional to ½{1+Cos(2[θ(t)+φ])}.  
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Fig. 4. Windowed region of interest of superimposed simulated Faraday signals to show leading and lagging aspects before and 
after a “turn-around” point. This point coincides with a local extrema in the current representation. The bold “X” marks are 
indicators for times in which signal A crosses signal B during each observed complete Faraday rotation. 
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Fig. 5. Same windowed region of interest indicating the ratio of the signals which yields a Tan(2[θ(t)+φ]) like signature wave 
form.  
 
Note the qualitative nature of how one signal leads the other before the turnaround and then reverses (lags) itself past the turn-
around point. These are all telling signs of a current signal at its local extrema value. A piece-wise current representation may 
now be reconstructed from these observed leading/lagging crossing points. Starting with (1), current I(t) can be expressed in 
terms of θ(t) as follows: 
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But I(t) can be expressed as a sum of ΔI(tn) where tn are the individual times at which signal A either leads or lags signal B at its 
corresponding crossing times. These individual times, tn , coincide with the bold “X” marks represented in Fig 4. ΔI(tn) is further 
defined as  
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where the observed time period, Δtn, corresponds to the nth occurrence in which the Faraday signal appears to have undergone a 
2π radian rotation or one full revolution (aka “fringe”) during a time difference, tn+1 – tn. However, the rotation only appears to 
have undergone a 2π radian rotation due to the trigonometric double angle identity typically associated with Faraday rotation 
signals as discussed in the introduction, and therefore, requires an additional division by two to get back θ(t). Thus, for every 
fringe, an incremental change in current, ΔI(tn), is 
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where π/N’V’Δtn is the piece-wise ΔI/Δtn segment. The sum of each of these ΔI/Δtn segments times each adjacent Δtn given in 
(6), represents the total piece-wise reconstructed current shown in Fig. 6. 
 
 
∑∑ Δ⎟⎟⎠
⎞
⎜⎜⎝
⎛
Δ′′=Δ⎟⎟⎠
⎞
⎜⎜⎝
⎛
Δ
Δ=
N
n
n
n
N
n
n
n
t
tVN
t
t
ItI π)(
   (6) 
  
 
0
5
10
15
20
25
0.0E
+00
5.0E
-03
1.0E
-02
1.5E
-02
2.0E
-02
2.5E
-02
3.0E
-02
3.5E
-02
4.0E
-02
4.5E
-02
Time (s)
C
ur
re
nt
 (M
A
)
 
Fig. 6. Piece-wise reconstructed current representation from a pair of Faraday optically decoded modulated signals. 
 
New  method 
 
Starting with (5), ΔI(tn) is rewritten as ΔI(tm) to denote a time, tm, different from that previously defined and will be explained in 
the paragraphs to follow. To begin, ΔI(tm) can also be expressed in terms of a frequency, νm, as 
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    (7) 
 
where the frequency, νm, is inversely proportional to the Δtn term in the denominator of (5) where Δtn corresponds to the time 
period of the nth observed Faraday rotation cycle. However, in the new method, the frequency, νm, is determined by a Buneman 
frequency estimator algorithm [8] over a STFT whose window’s time span is fixed and begins at time, tm. The Buneman 
frequency estimator algorithm is a unique method of calculating the fundamental frequency of a windowed portion of a signal 
that may not be exactly sinusoidal or periodic. The window’s time span should be at least as large as the largest time period, Δtn, 
observed for the traditional method discussed from the previous section. Section IV of this paper discusses window types, time 
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spans, and references further information regarding these topics. The STFT is subsequently shifted in time by a fixed 
incremental amount, Δtm =  tm+1 – tm, and the next succeeding frequency, νm+1, is determined. The incremental time, Δtm, is 
typically smaller than the smallest observed time period, Δtn, recorded from the traditional method and could be comparable to 
the recording instruments sampling time. This process continues throughout the signal record producing a frequency response 
versus time representation. Fig. 7 shows the frequency response with respect to time of Faraday signal shown in Fig. 2. In this 
representation, the local extrema, which reflects both maximas and minimas in the current, are clearly shown where the 
frequency, ν, goes to zero (i.e., Δθ/Δt = 0). Likewise, the inflection points are represented by the maximum frequency values.  
For each successive extrema pair (e.g., maxima to minima or minima to maxima) in time, there is an intermediate inflection 
point whose sign alternates. By programmatically changing the sign of every other inflection group, the converted frequency 
response shows both positive and negative frequencies that are increasing and decreasing, respectively. This result is displayed 
in Fig. 8. Integrating this corrected representation of the Faraday frequency response corresponds precisely to the Faraday 
rotation angle changing direction through local extrema in the current representation. After multiplying by the scaling constant, 
π/N′V′, the final unfolded current is revealed in Fig. 9.  
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Fig. 7. Faraday signal’s uncorrected frequency response with respect to time. 
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Fig. 8. Faraday signal’s converted frequency response with respect to time which is directly proportional to Δθ/Δt. 
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Fig. 9. Integrated Faraday signal’s converted frequency response with respect to time. The scaling factor is precisely defined in 
terms of the Verdet constant and the generalized amplification term. 
 
RESULTS 
 
Verifying the accuracy of the new method of deconvolving a dynamic current representation from a Faraday rotation 
measurement requires a quantitative measure of correlation. Correlation [9] in this regard is a figure of merit relating how well 
one data record compares to another. Such verification is most often preferred rather than a qualitative visual validation as 
shown in Fig. 10. However, due to widely varying time disparities between data points for all methods described herein, the 
record lengths of the standard versus the new unfolded current record also differ. Thus, resampling either one of the two records 
using a basic cubic spline interpolation algorithm [10] to achieve equal length data sets was necessary prior to any correlation 
analysis. 
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Fig. 10. Overlay of the actual current “+”, the traditional method of current decoding “o”, and the new method of current 
decoding “x”. 
 
After resampling either one of the two records to achieve equal length data sets, a correlation could be achieved between the two 
record sets through the following relation  
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where, C(X,Y) is the correlation factor between record arrays X and Y, where X represents the actual current measurement array 
elements while Y represents the array elements from either method of current measurement. Correlation values range between 0 
and 1 inclusively; whereas a correlation value of 1 represents perfect correlation while a value of 0 represents no correlation.  
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The correlation values produced from the traditional and new methods are 0.96 and 0.99, respectively. In this case, the new 
method offers an approximate 3 percent improvement over the traditional method with potential cost savings of several 
thousands of dollars in optical components, fabrication, and assembly expenses per Faraday rotation sensor. 
 
New method used on real experimental data 
 
The new method was used on Faraday rotation data recorded from two different pulsed power sources. One record set was from 
a Lawrence Livermore National Laboratory designed, National Security Technologies, LLC, built 10kV 10kA 22kJ capacitive 
discharge bank and another record set from the Nevada Test Site-operated ATLAS pulsed power facility.  
 
22kJ capacitive discharge bank 
 
In a particular experiment, the bank discharged its electrical energy into a 350μH solenoid load consisting of 50 electrical coil 
turns. A 30-loop Faraday fiber sensor was configured into the load so that a portion of each fiber loop ran parallel and axially 
through the center of the load and return path loop around the outside load. This setup provided a good test of what was earlier 
referred as generic amplifying factor, N′. In this case, the generic amplifying factor, N′, is 30 x 50 = 1500. The Verdet constant 
of the Faraday fiber was known to be 2.55 rad/MA at an operating laser source wavelength of 850 nm. A typical Faraday 
rotation signal produced is shown in Fig. 11 from one such bank discharge. 
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Fig. 11.  Faraday rotation signal resulting from discharging the 22kJ capacitive storage bank into a specially configured load.  
 
A qualitative comparison is shown in Fig. 12 which compares the bank’s calibrated Pearson probe current measurement with the 
new method of current measurement from a Faraday rotation signal. Quantitative comparison of the new method of current 
measurement with the Pearson probe’s current measurement indicated a correlation of 0.97. 
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Fig. 12.  “x” represents the Pearson probe current measurement. “o” represents the new method of current measurement from a 
Faraday rotation signal. 
 
ATLAS pulsed power facility 
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A single loop Faraday fiber sensor was configured concentrically about the central current carrying output load conductor. The 
Verdet constant of the Faraday fiber was known to be 2.68 rad/MA at an operating laser source wavelength of 830 nm. A typical 
Faraday rotation signal produced from the ATLAS pulsed power facility is shown in Fig. 13. A qualitative comparison is shown 
in Fig. 14 which compares the ATLAS’s current measurement with the new method of current measurement from a Faraday 
rotation signal. Quantitative comparison of the new method of current measurement with the ATLAS data indicated a correlation 
of 0.99. 
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Fig. 13.  A typical Faraday rotation signal resulting from one of the many ATLAS pulsed power experiments. 
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Fig. 14. The solid line represents the current measurement made from the traditional method using a host of associated optical 
components, which produced a pair of quadrature decoded Faraday rotation signals. “o” represents the new method of current 
measurement from a single, quadrature decoded-free Faraday rotation signal. 
 
Software Program 
 
The software algorithm was developed using the LabView 7.1 program [11]. The program’s graphical user interface is shown in 
Fig. 15. Prior to running the program, the user updates each of the relevant user-input fields, such as the Verdet constant or 
amplifying factor (i.e., the Gain as indicated on the interface). Depending on what format the Faraday rotation signal data were 
recorded, the user may also select either comma-separated-variable or Tab delimitated options. 
 
A challenging aspect of using the program is inputting effective ‘Time Step Fraction’ and the ‘Time Window Fraction’ values. 
The ‘Time Step Fraction’ refers to the incremental time shift in which the STFT window sequentially shifts through the entire 
Faraday signal record. This time increment divided by the total time of the record represents the fraction. A small time increment 
produces a greater resolved current reconstruction, but generally at the expense of greater computational processing time. Trade-
offs between resolution and computational time may be weighed [12] and details discussed elsewhere [13]. However, this is not 
an issue due to powerful gigahertz processing and gigabyte RAM capabilities commonly available on computers of today’s era.  
 
Spectral leakage is a primary concern associated with STFT’s. Spectral leakage represents unnecessary high frequency content 
and may impair the Buneman frequency estimation in a particular windowed region of the signal. High frequency content 
present in the frequency-domain may be attenuated by imposing a special window function with tapered end points in the time-
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domain prior to the Fourier transform as opposed to an unspecified or rectangular windowed region. The choice of window type 
and length are also discussed in detail elsewhere [14] for other applications. However, a Hanning window type with time span 
comparable to the period of the slowest frequency in the data record yields sufficient results. The window’s time length divided 
by the total time of the record represents the ‘Time Window Fraction’ input value also located on the user interface. A simple 
block diagram of the code’s algorithm is illustrated in Fig. 16.  
 
 
Fig. 15. The graphical user interface to the program developed for processing a current measurement from a Faraday rotation 
signal. 
 
 
Fig. 16.  Illustration to visualize signal flow process from one process to the next. The description of each functional block 
description is discussed further in section II.B of this paper. 
 
Conclusion 
 
The new method reported herein this paper demonstrates a viable economical alternative method of determining a dynamic 
current measurement from a Faraday rotation signal. The new method produces an equivalent, or better, measurement compared 
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to a traditional method which generally requires costly optical components, packaging, and setup typical for quadrature decoding 
of a Faraday rotation signal. Such cost savings may be significant in explosive-driven pulsed power applications in which case 
most equipment may be expended. 
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